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S  I  R, 

TH  E  following  is  an  extracfl  of  a  letter  to  me  from  Major 
Edward  Williams,  of  the  Royal  Artillery,  a  learned 
man,  and  of  great  profelfional  merit.  Being  at  Quebec  in  fome 
very  cold  winters,  among  various  other  ingenious  experiments, 
it  occurred  to  him  to  try  the  force  of  congelation  in  fome  of 
the  iron  bomb-lhells,  which  are  ufually  fired  out  of  mortars  in 
the  pradlice  of  artillery  ;  by  filling  the  cavity  of  the  {hell  with 
water,  and  then,  having  plugged  up  the  fuze  hole,  expofing  it 
to  the  cold  to  freeze  the  water,  in  order  to  find  whether  the  ex- 
panfion  of  the  ice  would  be  capable  of  burfting  the  {hell. 

The  dimenfions  of  the  13  inch  {hell  are  as  follow: 

Inches. 


Outer  diameter  of  the  fhell,  -  12.8 

Inner,  or  diameter  of  the  cavity,  -  9.  r 

Thicknefs  of  metal  at  the  fuze-hole,  1.5 

Ditto  at  the  bottom  or  oppofite  part,  2.2 

Diameter  of  the  fuze-hole,  -  1.7 


And  the  dimenfions  are  fimilar  in  the  other  fhelis.  The  fuze- 
hole,  is  conical,  the  oppofite  fides  of  which,  when  produced, 

meet 
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meet  at  the  extremity  of  the  diameter,  which  paffes  through 
the  middle  of  the  hole. 

He  found,  that  the  iron  plug  could  hardly  ever  be  driven  fo 
firmly  into  the  fuze-hole  as  to  refill  the  force  of  the  expanfion 
of  the  ice,  which  pufhed  it  out  with  great  velocity,  and  a  bolt 
or  cylinder  of  ice,  of  a  confiderable  length,  immediately  fhot 
up  from  the  hole.  But  when  the  plug  was  fixed  in  withfprings, 
which  laid  hold  of  the  infide  of  the  cavity,  fo  that  the  plug 
could  not  pofftbly  be  pufhed  out,  the  force  of  expanfion  then 
fplit  the  fhell,  and  a  fin  or  plate  of  ice  fhot  out  quite  around. 

E  X  T  R  ACT  from  Major  William’s  Letter . 

These  experiments  were  made  on  iron-fhells,  from  the 
13  inch-fhell  to  the  coehorn,  of  4.4  inches  diameter,  by  filling 
the  fhell  nearly  with  water,  and  driving  in  an  iron  plug  with  a 
fledge  hammer. 


Time. 

1784. 

Hour. 

Barom. 

Ther. 

Wind. 

Elev.  of 
thefuze 

W*  of 
plug.oz 

Diftance. 

Dec.  21. 

1 2  night. 

29.66 

—  10 

Wefterly. 

9° 

35 

Unknown. 

22. 

10  A.  M. 

29.69 

—  3 

Earterly. 

90 

37-25 

22  feet. 

23- 

9  P.  M. 

29.8  c 

—  16 

W. 

90 

34-5 

Unknown. 

24. 

11  A.  M. 

29.25 

—  6 

W. 

80 

39-25 

62 

31- 

11  A.  M. 

29.60 

—  18 

W. 

45 

39-25 

387 

1785- 
Tan.  2. 

5  A-  M. 

29.96 

—  r9 

W. 

45 

4i-75 

415 

4- 

7  A.  M. 

29.46  • 

—  12 

W. 

45 

42 

Bnrft. 

9- 

9  A.  M. 

29-35 

—  4 

W. 

45 

4o-5 

325 

REMARKS. 

Dec.  'll. — The  fuze-axis  of  the  fhell  lay  nearly  perpendicu¬ 
lar  to  the  horizon.  On  examining  the  effedl,  about  9  o’clock 
the  following  day,  I  obferved  the  plug  gone,  and  a  cylinder  of 
ice,  of  4!  inches  high,  riling  perpendicularly  from  the  fuze- 
hole,  and  of  equal  diameter.  I  fearched  carefully  for  the  plug, 

but 
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but  could  not  find  it,  as  there  was  about  3!  feet  of  fnow  on  the 
ground. 

22.  — I  watched  this  {hell  about  an  hour,  when,  being 
called  out  on  bufinefs,  I  found,  on  my  return,  three  hours  af¬ 
ter,  the  plug  gone,  and  the  icy  cylinder  2*  inches  high.  Plug 
loft. 

23.  — I  had  a  plug  made,  and  jagged  or  notched  along  the 
tides,  to  prevent  its  being  forced  out  fo  eafily  ;  and  watched 
this  fhell  for  upwards  of  three  hours,  going  into  the  houfe  at 
intervals  to  warm  myfelf.  The  laft  time  I  went  in  was  about 
half  an  hour  after  twelve,  when,  after  a  few  minutes,  I  heard 
a  fort  of  hiding  found,  upon  which  running  out,  the  plug  was 
gone,  and  a  cylinder  of  ice  fhot  up,  exceeding  any  of  the  for¬ 
mer,  being  inches  high.  Plug  loft. 

24.  — A  similar  plug  to  the  laft.  I  watched  this  with  more 
fuccefs  ;  for  although  abfent  at  intervals  yet  at  half  paft  four 
in  the  afternoon,  (therm,  at  6°)  I  faw  the  plug  fuddenly  forced 
out  (by  the  column  of  ice,  accompanied  by  the  hiding  noife  ; 
and,  obferving  its  fall,  I  found  it  at  62  feet  from  the  fhell. 
The  icy  cylinder  was  4  inches  high,  and  the  fuze-axis  of  the 
fhell  I  found  lay  nearly  at  an  angle  of  80 0  with  the  horizon. 

31. — Concluding  from  the  foregoing  experiments,  that  no 
plug  could  be  fo  fixed,  as  to  render  the  refiftance  at  the  fuze- 
hole  greater  than  at  the  weakeft  part  of  the  fhell,  in  which  cafe 
I  fuppofed  it  would  burft,  (which  was  the  primary  objed  in 
thefe  experiments)  I  thought  it  might  be  worth  while  to  obferve 
how  far  the  force  of  congelation  would  projed  a  plug  of  a  given 
weight  and  figure,  and  forced  in  with  the  fame  number  of 
ftrokes  of  the  dedge  hammer.  For  this  purpofe,  I  placed  the 
fuze-axis  of  the  fhell  at  an  angle  of  45 0  with  the  horizon,  and 
on  the  31ft  of  December  1784,  being  the  coldeft  day  of  this 
year,  the  plug  was  projected  whilft  I  was  abfent,  a  cylinder  was 
{hot  out,  in  the  diredion  of  the  axis,  of  7*  inches,  and  not  in- 
Vol.  II.  d  dining 
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dining  in  the  lead  from  that  direction  to  the  horizon.  The 
plug  was  loft. 

Jan .  2.  1785. — Being  colder  than  31ft  December,  in  order 
to  liaften  the  effeCt,  I  put  a  mixture  of  common  fait  and  fal 
ammoniac  to  the  water,  and  tied  a  long  pack-thread,  with  a 
piece  of  red  rag  at  its  end,  to  the  fuze,  in  order  to  find  where 
it  fell  in  the  fnow.  This  plug  made  its  efcape,  like  the  reft ; 
for  at  half  paft  fix  it  was  flown,  and  a  cylinder  of  8^  inches  of 
ice  (landing  over  the  fuze-hole.  The  plug  was  loft  j  for  the 
red  rag  appeared  no  where  on  the  furface  of  the  fnow. 

4. — Tried  a  plug  made  with  fprings,  in  the  manner  of  a 
fearchej,  only  very  fhort  and  ftrong.  Added  the  freezing  mix¬ 
ture.  The  fliell  gave  a  fudden  crack  at  a  quarter  after  nine, 
and  inftantly  fhot  from  its  furface  two  thin  plates  of  ice,  re- 
fembling  fins,  about  2  inches  in  the  higheft  parts.  On  exa¬ 
mining  the  fliell  I  found  it  burft,  and  the  plug  forced  up  about 
half  an  inch  ;  and,  on  breaking  the  fhell,  the  fprings  were  con- 
jhderably  bent,  fo  as  not  to  have  recovered  their  firft  fituation. 

9. — Repeated  the  laft  experiment,  with  a  fimilar  plug  and 
the  freezing  mixture.  It  was  thrown  out,  as  before,  and  the 
projecting  icy  cylinder  was  3!  inches  high. 

Similar  experiments  were  afterwards  made  with  all  the  leffer 
fhells  ;  yet,  though  one  or  more  of  each  fort  were  actually 
burft,  more  plugs  were  projected  than  produced  that  effeCl. 
As  foon  as  the  fnow  began  to  difappear  from  the  furface,  I 
fearched  carefully  for  the  plugs,  and  found  fix  of  them  ;  which, 
being  all  marked  with  notches  after  the  firft  experiment,  I  eafily 
formed  from  them  the  following  table. 


Plug, 
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I. 

Dec.  22. 

22  feet. 

3C  to  the  right  of  the 
line  of  dire&ion. 

3- 

24. 

62 

5  left. 

4- 

31* 

387 

2A  right. 

5- 

Jan.  2. 

415 

3t  right. 

6. 

4. 

Shell  burft. 

7* 

9- 

325 

4C  left. 

Such  was  the  refult  of  thefe  experiments,  from  which  I  leave 
it  to  you  to  draw  conclufions.  I  intend  to  purlue  them  again 
this  winter ;  and,  if  you  can  fuggeft  any  ideas  on  the  fubjedl 
that  can  reach  Canada  before  March  1786,  I  fhall  be  glad  to 
avail  myfelf  of  them. 

Ed.  Williams. 


REMARKS  on  the  preceding  Extrait  by  Cha.  Hutton,  LL.  D. 

From  thefe  ingenious  experiments,  we  may  draw  feveral 
conclufions.  As, 

Firft,  We  hence  obferve  the  amazing  force  of  the  expanfion 
of  the  ice,  or  the  water,  in  the  atft  of  freezing  ;  which  is  fuffi- 
cient  to  overcome  perhaps  any  refifiance  whatever ;  and  the  con- 
fequence  feems  to  be,  either  that  the  water  will  freeze,  and,  by 
expanding,  burft  the  containing  body,  be  it  ever  fo  thick  and 
ftrong  ;  or  elfe,  if  the  refifiance  of  the  containing  body  exceed 
the  expanfive  force  of  the  ice,  or  of  water  in  the  a6t  of  freez¬ 
ing,  then,  by  preventing  the  expanfion,  it  will  prevent  the 
freezing,  and  the  water  will  remain  fluid,  whatever  the  degree 
of  cold  may  be. 

The  amazing  force  of  congelation  is  alfo  obvious  from  the 
difiance  to  which  the  iron  plugs  were  projefied.  For,  if  we 
confider  the  very  fmall  time  that  the  force  of  expanfion  a<fis  on 
the  plug  in  pulhing  it  out,  and  that  the  plug,  of  2|  lb.  weight, 
was  proje&ed  with  a  velocity  of  more  than  20  feet  in  a  fecond 
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of  time,  and  thrown  to  the  diftance  of  415  feet  by  this  force  ; 
fo  acding,  the  intend ty  of  the  force  will  appear  to  be  truly  afto- 
nilhing. 

'idly,  \V E  may  hence  form  an  edimate  of  the  quantity  which 
the  water  expands  by  freezing.  For  the  longed  cylinder  of  ice 
was  obferved  to  be  8-E  inches  without  the  hole  ;  to  this  add  1}, 
the  thicknefs  of  the  metal,  or  length  of  the  hole,  and  the 
fum,  or  10  inches,  is  the  whole  length  of  the  cylinder  of  ice, 
the  diameter  of  which  is  1  -/o  inches ;  and  hence  its  folid  con¬ 
tent  is  1.7  2Xiox.  7854  cubic  inches. 

But  the  diameter  of  the  fpherical  cavity,  filled  with  water, 
is  9 TV  inches;  and  therefore  9. 1 3XfX-7854  is  the  content  of 
the  water  in  cubic  inches. 

Hence  then  the  content  of  the  water  is  to  the  increafe  by 
expanfion,  as  J-  of  9.1 3  to  10  times  1.7*,  or  as  502.4  to  28.9, 
or  as  174  to  10.  So  that  the  water,  in  this  inflance,  expanded 
in  freezing,  by  a  quantity  which  is  between  the  17th  and  18th 
part  of  itfelf. 

C.  H. 


VI. 


